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Photop tymertsabt Composition 



Field of Invention 



a ™ e s P ^. ■ ^ 10 3 Photopolymerizable composition which can be developed using 

Pr6Sent mM to a P-otooo'vmen^h,. r. mposifion'He fog 



Background of the Invention 

i " 

er S^SnTS^!! ^P 0 ?"??" comprising a carboxy. group-containing. film-forming polymeric bind- 
LtS*Sr T ^ toPO 'r enZable m0n0mer ' a the " T,al Po'ymerizable inhibitor and a free radS 
photo.nrt.ator are known. These compositions, are called "dry films" and can be develooed bTJZ^ 
med.a because of the presence of the carboxyl groups in the polymeric binder. They aTSsoW al a rS 
of dry film sandwiched between a flexible support and cover members 

the ™ ( S^' ymerlZ ! ble com P° s « fon8 «»» sh'PP«J as dry films and are often subject to cold flow i e 
ttte composition flows under pressure; which leads to material fusing together at the edges of fte roTL.™ 

St*: j* t oc r ir— to be re,ated to * ^ steles 

increase the viscosity of the film In order to prevent or at least reduce edge fusion 

Such photopolymerizable compositions are often used as photoresists in the manufacture of nri„t«H 

s^SyTii 1 to Sac? 1 th ? "r b8 n r e - ^ mor ^ flexibte *• fi,m ^£Zw2E 

trimming. fr ° m printed circuit ^ duri "9 board flexing orTne 

cim !L i h n S 3 f l eS ' rab,e f ° r 3 P° ,vmeri2ed A"" to be strong enough to protect through-holes on a 

P: 00888 '^ chemicals «« «*«**• To do this, film must be able to span ZugW^es uo 

lenfng " ' m ** > ^ ^ P™ 8 ^ 9 - 8pmta 8 of "* "^Vs referred to as 

r, rther -^ Sirab .!! f ° r 1,19 P 0 '*™"' 26 * *n to have a level of adhesion to copper following lamination 
ttiat the film wUI not lift off the copper during trimming, stacking or removal of^ ZberZr ta 
development The film shou«d also maintain gbod contact with tnl copper during dTIop^ P^ahd 

mJI.-** ^ maintainin 9 109 ,lexibiiit y * the cured film has been accomplished by the addition of 

sr= 5 rz. ssjs 5p— : of p,asticizer has - — — - ~ 

be usitTSn 6 £,°5£! ? PreSen i inVenti ° n t0 PrOVide 3 P no topo.ymerizab.e composition which can 
boused to form dry films havmg an advantageous combination of properties in the cured and uncured 

Summary of Invention . 

cartZT'T 9 40 w Pr8S ! m invenUon ' there is provided a photopolymerizable composition based on a 
SEZfZTTT 1 - "' m - ,0rmin 9 P 01 ^ bi " d <*- characterized in that the compoSon Sdes a 

r c rp^^r P rirr P sLr utose - ethyi hydraxyethyi — -* ~ 

formU fr™ th a foUnd "If *" additi0n ° f 1,16 Ce " U,0SiC material ""^Pectedly reduces the cold flow of films 
e^f o^e flexlhX J?TT n ?" d inCre3SeS t6ntin9 Stren9lh " *• «*- composition. Any adverL 

fbJn? will generally, comprise the carboxyl group-containing film 

T^i^™^^ Ph0t ° iniaat - ^ ~" " P^opolymeLL^onomer^da 

etovrenic 5 ^h 1 p m |l^ n ! f f Siti l n ' mumlwc6onai ™noraer 0* a monomer having two or more 

£ C 1°^J' t0 enhance cross-linking and give increased strength properties in L cured film 
Surtable multifunctional m nomers include (f^nethy.o.propane toacry.ate.qpemLrytoritol-hydroxypema 
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^?!'jS^ e ? y,0lP , rOP ^ tefracryUfe. hexafunctional polyester acrylate. tetrafunctional polyester ac 
rylate. and ^ethylene glycol diacrylate. 

Preferably, toe carboxyl group^ontaining. film-forming polymeric binder used in the present composi- 

Z^JZ^ t m 009 ° f J™* Viny '* tyPe monorners ^ 0TO or more alpha, beta ethyienica% 
unsaturated carboxyl group^ontammg monomers having 3 to 15 carbon atoms, which makes the binder 

« flZLZSZZ? 8dia -,^ m f 165 * Suitab,e «~ers are alkyl and hydroxyalkyl acrylates 

and methacrylates having 3 to 15 carbon atoms, styrene and alkyt-substftuted styrenes. The achates and 

^^Sh S TL? Z & T npleS 01 SUitab ' e Cart5 ° xy ' Sroup^ontaining monomers are cinnamic add. 
LTL * T?° r 1 ^ ^ methacr y ,ic «W. «aco«ic acid, propiolic acid, maleic acid, fumaric 
SLtet 2 h ?,^!: S ^ anhydndes * »«• «=ids- Acrylic and methacryllc acids are preferred. 
SZin the aT ^ USP 4,S39,288 - ^ Suteble Wndere ^ we » *> thS 

-H-i? - ? - fr !Ti diCal photoinitjators conventional photoinrUators which are actrvatable by actinic 
!L WhlCh ^ thermally inactive 81 temperatures below about 185'C. Examples of useful 
photomrtators are found in USP 4.268.610. Preferred photoinrtiators are aromatic ketones such as be™ 
2ophenone. Other suitable photoinrtiators are known in the art 

nriH | t H iS J 3 ? f Q erred ** J ■ ™nofunctional carboxyl group-containing addition photopolymerizable monomer is 
£ ^nl?l COmP ° S u^L beCaUSe CUfed fi ' mS made from a composition containing such a monomer can 
be stopped from a substrate in small pieces, while without this monomer, the film will strip in large sheets 
Stnppmg .n small pieces is preferred since cured film between fine lines can more easily be removed* 
Moreover, some stopping apparatuses have filtration systems that could be clogged by large sheets Based 
on toe we.ght of the photopolymerizable composition, the amount of monofunctlonal monomer useTis 

SSFJETtL* 1 °£ m ° r l P i refe ? b,y fr ° m 15 t0 6% - Suitabl9 -onofunctlonal mononZ Sde 
Si , Ca !'^ Xy eth * ,acr » tato ' citraconic **»• crotonic acid, monometoylacryloyloxyetoyl 

SSS' nOaCryl0yletllyl phtha,ate and f^c acid. Itaconic and beta canboxy^toWacrySeTe 

The thermal polymerization inhibitor which may be used in the composition prevents thermal poly- 

oTeToTv S!?, d T n S St ° ra96 2 ^P^o"- ExamPtes of suitable polymerization inhibitors are 
P-metooxy-phenol hydroqu.none. alkyl-and aryi-substituted hydroquinones and quinones. tert-butyl 

2? Pyrog ^ 10 • co P per resinate - ^ nephmo'. 2.6-dl-tert-butyl-p-cresol. 2.2<-methylene-bis (4-eto y H3-t- 
butylphenol). p-tolyl quinone. chloranil, aryl phosphites and aryl alkyl phosphites < 

The basic photopolymerizable composition may also include, if desired, additives well known in the art 
such as leuco (i-e pnntout) dyes, background dyes, adhesion promoters and antioxidants, for instances « 

- fST* k SP 4,297,43S - ° ther ° Pti ° na ' addWves kn0wn to sWlled *• « -ay ZJ b 
36 added to the basic composition, but are not essential. 
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Detailed Description of the invention 

a SO IlL e nt^Lw rt0P0 ^ ym ^ ri2a ? 1 !, COmposiUon generally prepared by mixing toe various components in 
th Trr^LtT °^ ntS Inc,ud e a, cohols. ketones, halogenated hydrocarbons and ethers. After mixing 
m« ™J1 T . ° nt ? o SUPP ° rt £md 4,18 S0 ' Vent is evaporated. Suitable procedures for carrying out 

mns P L rf« T d,SC, r ed h "L U i P 3 - 469 - 982 8,1(3 USP 4 ' 3?2 - 835 ' 77,688 processes can be usedTproduce 
rolls of dry film sandwiched between a flexible support member and a flexible cover member It will 
however, be apparent to those skilled in toe art that dry films can also be made on inflexible supports and* 
may be supplied as stacks of laminated sheets, for instance as disclosed in USP 4 268 610 

When hydroxypropyl cellulose (HPC) is used as the cellulosic additive to the basic photopolymerizable 
compositor., it is preferred that toe HPC has a molecular weight between 60 and 100 kO. HPC is available 
commercially ,n various grades. Although any grade may be used, it has been found that toe higher 
molecular we.ght grades are more difficult to dissolve in solvents compatible with the remaining compo- 
nents of toe composition. Moreover, as toe molecular weight increases toe rate for removal of urv 

ShT ( 9 development > is reduced . « * therefore preferred that the lower molecular weight 

graaes of HPC are used. 

« „„■ prepar, ""9 compositions according to toe present invention, toe HPC will generally be dissolved in a 

I T* k,*? baSiC COmpos,tion - ln «"* en-re that toe so.ut.on thus formed is 
homogeneous. it is des.rable to ensure that toe solvents are compatible. Suitable solvents f r toe HPC 
nclude methanol, at relatively low I v Is. cyclohexanone, at high levels, and acetic acid (at high or low 
levels). A person skilled in toe art will be able r adily to determine other suitable solv nts by trial and error 
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experimentation to find those which are compatible with the basic composition solvent, do not cause gellina 
J^ mP ° " °" mDang " whicn ^ be easi| y removed on heating. In this respect it has been 
^SsSn dr ° fUran N " methylPyrrond ° ne m 00t SU, " teb!e *» cause gelatioTo, 

5 17/ hp?'!; ^ HPC J S U88d ' *• ^P 08 "* 0 " " to 20% ^ weight), more preferably 14 to 

u^ C - Advanta 9 80us «y. wh ere HPC is used, the composition contains 2 to 10% (by weiohtt more 

,o fFHEC^To" 9 l f 1 mpOsHi0ns ff°. rdin 9 to toe present invention containing ethylhydroxyethyl cellulose 
w (EHEC) as the cellulosic matenal. it is preferred to use EHEC having viscosity (measured as a 5% solutior! 

n a solvent comprising 80% (by weight) toluene and 20% (by weight) ethanol at 2?cTf^m 10 to 

cenhpoise. More preferably, the viscosity is above 20 and below 35 centjpoise 

1P „ Pr ff^' y ' the «™P?srtj°n contains from 2 to 1 5% (by weight) of the EHEC. more preferably from 8 to 

mm*!? ^Jf 0 iS 9eneraJ| y S0lubl8 in toe solvent used to form the basic composition, and may therefore be 
added m wrth the other components of the composition to form a solution for preparing^ry films 

Wen ethyl cellulose (EC) is used as the cellulosic material, it is preferred that the EC have a relatively 
■SLTSrTf " ^ 45 10 5 ° % - ^togeousfy. EC having redely low mole^ Te^ l 

eSc^afT«T l W pr 9 H ^ b8 **"J» meaSUrin9 te ™ C0Slt * 33 d8SCribed with reference to 
Preferably, the EC has a viscosity of approximately 10 centipoise. 

EC is not in all cases compatible with the basic compositions and therefore not all grades of EC can be 
used « composton. according to the present invention. However, it is merely a matter of M^e 
expenmentaton to determine which grades are suitable for use with any particular blic common 
12* fT^ 0 " COntainS ,rom 2 to 1 * % weight) of the EC. more preferably from 7 to 

pfaici^r ' ^P 05 * 00 ""to 1 "* in *> toe EC. from 2 to 10% (by weight) of 

^ M ^L^rZ e ir^ CiZerS for 1,86 in ^ com P«>««o« 0^ toe present invention are N-ethyl toluene 
suifonam-de (N-ETSA), tn-n-butyl citrate (TBC). glycerol triacetate and the reaction product erf 

SSTi T^^ h C T tymet . 0f P ° ,yeSter di °' b ' 0CkS P° ,yaJky,e " e OlyStbyiene 2dS 
blocks and G ) at least one hydroxy-substituted acrylate or methacrylate. Other plasticizers which can" be 

phosphate, acetyl tn-n-butyl citrate and dicaproyl adipate. ^ 

The reaction product of the isocyanate terminated block copolymer of polyester diol blocks anri 

Se u2 e r? e « 1 9 yC0 ' /ethy,ene ° Xide ^ ^ *• hydTOXy -bstitutod acrylate o'r £Z£J5& £ 

in rnft! J^TT 8 ^ *? f r6Sent iOVenti0n may 66 made by me * ods » e " k "° w " to those sS 
in i the art. such as d.sclosed in USP 3.960.572. Suitable polyesterdiols include polyethylene adipaSdiof 

£22!?, *S? ' rf P ° ,ybuty,ene «**■** PO'yhexamethy.ene adipatedio. and SSSSTS 
pSni o S STf T d 6 ' iS Pr6ferred - US8fU ' P 0 ^ 1 ^ 9'ycols include ethylene glycol and 
. 8hf ^ y 9 yC0 ' 18 pre,erred - D«socyanates suitable for terminating the block copolymer 
include toluene dnsocyanate and paraphenylene diisocyanate. Toluene diisocyanate is preferred SSe 

yofoovTacSr' ~ methaCTy,ates include ^oxyethy. acrySte or methane, hySSx 

8 meth ^late and polypropylene glycol monomethacrylate. Hydroxypropyf mema^Se 
and polypropylene glycol monomethacrylate are preferred. Examples of a suitable reaction product « 

^/^In I ■? SU d »socyanates. polyesterdiols. polyalkylene glycols, and hydroxy 

substtuted acryiates or methacrylates. A preferred molar ratio is 1:1:3:2 (polyester dioL polyalkvtoZ 
glyco.emy.ene oxide: isocyanate) and 1:2-2.5 (isolate: hydroxy substituted EjJ or methLS 
oJLlJ nZ emb ° d,ment - toe photopolymerizable composition of this invention is used as a 
photores.st ,n the manufacture of printed circuit boards. Generally, the composition is coated onto the 
copper surface of a copper clad substrate, exposed to actinic radiation through a negative to create a latent 
image of photopo.ymerized materia, and deve.oped in a known aqueous devebping'solulon Z Z JXe 
"T 5 * 0 " fr0m C °PP er surtace - ™° Potions of the surface not covert by Z 
photopolymenzed matenal may then be modified by known processes, e.g. by plating or etching pr<x£ 
dures. wh,le the photoresist protects the covered surface. The photopolymerized materia, can oe7«maZ 
removed from the substrate by washing with known stripping solution^ ultimately 
The photopolymerizable composition of th present invention is applied to the copp r clad substate by 
known procedures, such as hot sho or hot roll .amination of .he dry film attached to a Lspare^^Sab, 
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support which support is removed after polymerization, as disclosed in USP 4,293.635 Generally the 
amount of actinic radiation used to polymerize the composition varies from 35 to 150 mj/cm wfth oredsa 
amounts determinable by those stalled in the art based on the specific composition used. ' 

The copper clad substrate may be any known copper and dleletric laminate used In circuit board 
manufacture, such as a copper clad board of fiberglass reinforced epoxy resin. 

f ui tabte aqueous developing solutions generally have, by weight 0.5 to 10% alkaline agents, preferably 
0.5 to 1%. and the latent imaged board Is washed in the solution for a time sufficient to remove the 
ur^iymenzed composition. Useful alkaline agents include alkali metal hydroxides. e.g. lithium, sodium and 
potassium hydride, the base reacting alkali metal salts of weak adds. e.g. sodium carbonate and 
bicarbonate, and alkali metal phosphates and pyrophosphates. Sodium carbonate is preferred: The circuit 
ttoboart Sr98d the deve| OP in 9 so'utio" or, preferably, the solution is high pressure sprayed on 

In general, the stripping solutions are heated aqueous alkaline solutions, using the same alkaline agents 
as the developing solutions, but have a higher alkaline concentration. I.e. generally, by weight from 1% to 
10"*,. preferab.y from 1 % to 3%. Generally, the stripping solution is heLd to a tempore 
preferably 50'C to 55'C. Washing the substrate to remove the photopolymerized material is by methods 
?r t0 thOSS Sld " ed in a* such as spraying the substrate with the heated stripping solution or 
preferably, agitating the substrate in a heated bath of the stripping solution. 

„ E ? a "l PleS 01 P hQtoima S in 9 techniques and equipment including radiation sources, exposure intensity 
and duration developing and stripping solutions and techniques, and laminated board composition are 
disclosed in USP 3.469.982. USP 4.293,635. and USP. 4.268,610. composition are 

One of the advantages of the composition of the present invention is that it remains flexible upon 
pnotopolymenzanon. This advantage is important in view of the possible uses of the composition and the 
processing steps commonly encountered in circuit board manufacture. In particular, flexing of laminated 
substrates will not cause cracking and even where flexible substrates are not used, the photopolymerized 
matenal will resist chipping as the laminated boards are handled. 

ft will be apparent that the composition of the present invention is useful in soh/ated form. For example 
-n silk screen printing techniques for circuit board manufacture, the composition of the present invention 
C^h^^^-J"*^ in SOlVated f ° nn - Scnm Printin9 techniques are disclosed in Printed 
dShSr^V ed,t,0n :. ed - b V C, y de F - ^^s. Jr.. 0979). Also, in photoimaging techniqu^ 
descnbed above, the composition can be coated onto the substrate in sotvated form, and the solvent then 

© V 8 p o r at eel • 

as Test Methods 

Dry-Film Viscosity Measurement 

^ eK Z T°;f ?L^ C0Sity (n ° } iS measured witn Rheometrics Stress Rheometer (RSR) at 60'C. A constant 
40 5 * e f load of *** 9™ s is used - The creep of the sample is recorded for ,000 seconds after wSch^e 
stress ,s amoved and the creep recovery measured. n. is determined from the time divided by the 
compliance (J) after a steady state is reached. If J = 9.0* 10 - ' (sq cm/dyne) at 1000 seconds, then n. = 
1.1 i \j poises. 

<s form'eTfrom ^ *"" 80 "* * ^ "* ^ " by to *-" n " ** ™*<>™« *- 
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Tent Strength Measurement 

Samples for measuring tent strength consist of a double sided copper laminate covered on both sides 
with photoresist The copper panel is such that there are numerous .25 inch (6.3 mm) holes through the 
panel. The resist spans these holes on both sides. The holes should be free of burrs 

Following polymerization by UV light and exposure to a developing solution for typicaJ developing dwell 
tmes the strength of the resist is measured by placing a 3.2 mm diameter ball bearing on a tented hole 
and then pushing the ball through the hole. The rate of movement through the holes is kept constant at a 

£ !L ^ m Tf mm * maximum ,oad in 9 rams r cord *J before failure of the tent is taken as the tent 
str ngtn of the film. 
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Adhesion Tests 



Adhesion of photoresist to a copper panel following lamination is measured by the following pass/fail 
test The film is laminated to a copper clad laminate that has been cleaned in an appropriate manner. After 

5 15 minutes, the resist cover sheet is removed and tape is applied to the resist surfacs. A weighted roller is 
passed over the tape to insure good contact The tape is then quickly pulled off the resist If the resist 
comes off with the tape, it failed this test If it remains on the copper, it passes the test Scotch 600 tape is 
used for this evaluation. The same test can be used to check adhesion of cured portions of resist remaining 
on the copper following developing. Some lifting of very fine lines (less than approximately 50 microns) is 

to acceptable. Lifting of larger lines indicates a problem with adhesion. 

To more adequately describe the invention, the following Examples and Controls are included. However, 
the instant invention is not intended to be limited thereby. All parts and percentages in the Examples and 
Controls are by weight unless otherwise indicated. In these examples, the " ' " indicates a composition 
where the solvent has been evaporated to leave a "dry film." 
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EXAMPLES 

HYDROXYPROPYL CELLULOSE (Examples 1 to 4) 
Example 1 



Table 1 



Composition of Solutions 



Composition 
(Parts) 



1A 


IB 


0.01 


0.01 


2.7 


3.2 


0 . 12 


0.15 


32.7 


4.1.7 5 


4.5 


6.15 


6.7 


6 . 15 


11. 1 




5.0 




0.48 


0.48 


30.0 


20.0 



Component 

Butylated hydroxy . toluene (BHT) 
Benzophenone 
Michler's ketone 
Acrylic binder 1 

t r i e t hy 1 enea 1 y c n 1 diar.r yJL* h 3 .(TDA#> 
t rime thyol propane triacrylate (TMPTA) 
hydroxypropyl cellulose (HPC)(Kiucel L) 
N-ethyl toluene sulfonamide (N-ETSA)* 
blue dye solution 3 
Methyl Ethyl Ketone 

prepared from 49.5% ethyl met'hac ry la te , 35.5% ethyl 

acrylate and 15% methacrylic acid, dissolved in methyl 
ethyl ketone (wt%) 

so 2 plasticizer 

3 methanol solution of Victoria Blue and Brilliant green 

^ Solutions 1A and IB are stirred 1.5 hours at 1000 rpm at room temperature. Rims are cast onto 
polyester using appropriate doctor blades to obtain thickness s of 37.5 microns. The films are allowed to air 
dry overnight at room t mperature. Copper clad epoxy-fiberglass (both sid s) laminates with holes of up to 
6.0 mm diamet r are cleaned and scrubbed. Dry films are laminated to them on both sides simultaneously 
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on a hot rofl laminator at 105° C at 1.22 meters/minute. Rims are exposed to ultraviolet light through dia zo 
artwork with a medium pressure mercury vapor arc lamp. Th developing is done in dilute alkaline solution 
at 29° C. 20 psi spray pressure. 

Films of experimental formulation 1A come through the spray developer with all the film over the holes 
5 intact The control film. 1B has an approximate breakage of 10% (average). The pen click tests, in which a 
pen is pushed on the film, the example film is much more resistant to the pen pressure than the control. 

To test the flexibility, copper panels are prepared with no holes. An image is prepared that has several 
size lines and spaces. Razor cuts are made across the resist lines. The control film chipped badly while the 
experimental film is cut cleanly with no observed chipping. To further test the flexibility, films are laminated 
10 to cleaned, flexible copper substrates, exposed to an equivalent of Stouffer Step 25 on a Stouffer. Scale of 
40, then compared using a Gardner MG-146 Conical Mandrel. The control film IB. repeatedly cracked 
completely across the 25 mm sample, whereas the experimental film 1A. showed no cracks at all. 

?5 Example 2 

This example illustrates the superior tent strength of films with hydroxypropyl cellulose. The 
photopolymerizable composition is prepared using the ingredients listed below: 
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Table 2 
Composition of Solutions 



Composition 
Component (Parts) 





2C 


BHT 


0.01 


benzophenone 


2.7 


Michler's ketone 


0. 12 


Acrylic binder 


32.7 


TDA 


4.5 


TMPTA 


6.7 


hydroxypropyl cellulose (Klucel L) 


11. 1 


tributyl citrate ( p 1 as t ic izer ) 


5.0 


blue dye solution 


0.48 


MEK 


30 . 0 



A control solution is prepared as outlined in 1 B. Films are prepared and imaged on copper panels (with 
holes) as described in Example 1. The boards are subjected to a strength test in which ball bearings are 
pushed through the films over the 6.0 mm holes. The force required to break the film and the distance the 
film can be displaced before breaking are recorded. The film of this example required an average of 280 
grams to break it and is displaced 1 .5 millimeters. The control film broke under a load of 45 grams at a 
distance of 0.2 mm. The film of this example is clearly stronger and more extensible than the control. 
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Example 3 

This example will show that films with hydroxypropyl cellulose, although strong, are not as flexible 
without a plasticizer. The following photopofymerizable compositions were prepared: 

5 

Table 3 
Composition of Solutions 

70 



Composition 
(Parts) 



Component 


12 


3E 


BHT 


0.01 


0.01 


benzophenone 


2.7 


2.7 


Michler's ketone 


0.12 


0. 12 


Acrylic binder 


32.7 


32 .7 


TDA 


4.5 


4.5 


TMPTA 


6.7 


6.7 


hydroxypropyl cellulose (Klucel L) 


. 11.1 


11.1 


tributyl citrate 


7.3 




blue dye solution 


0.48 


0.48 


MEK 


30.0 


30.0 



Rims are prepared and imaged as discussed in prior examples. Rims are tested for flexibility by cutting 
with razor blades across the exposed Rnes. Smaller lines and spaces are usually more prone to exhibit 
chipping. Rim 3D exhibited poor flexibility in that it chipped in even the larger 20/20 -mil resist lines/copper 
spaces. Rim 3E was cut cleanly in the 4/2 - mil lines and spaces with no apparent chipping. The presenc 
of a plasticizer clearly improves the film flexibility. 
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Example 4 

This example illustrates the improved resistance to cold flow of films containing hydroxypropyl 
cellulose. The following photopolymerizable compositions are prepared: 

Table 4 



Composition oE Solutions 
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Composition 
(Parts) 



35 



40 



Component 
BHT 

benzophenone 

Michler's ketone 

Acrylic binder 

TDA 

TMPTA 

HPC 

tributyl citrate 
blue dye solution 
MEK 



11 


4G 


0.01 


0.01 


2.7 


2.7 


0. 12 


0. 12 


32.7 


41.75 


4.5 


4.5 


6.7 


6. 15 


11.1 




5.0 




0.48 


0.48 


30.0 


30.0 



Several 37.5 micron (1.5-mil) films are prepared. These were layered to form 80-mil thick test samples 
Zero shear viscosity measurements are made with a Rheometrics Stress Rheometer at 60°C at a stress of 
5000 dynes/sq. cm. Data are given in Table 5. 



Table 5 



Sample 

4F' 

4G' 



Zero Shear Viscosity 
2.1 E7 
1.8 E6 



The higher viscosity of the film with HPC suggests that it will cold flow much slower than the control 
film, 4G\ This, in turn, should mean less edge fusion. 



45 



50 



55 



ETHYL CELLULOSE (EC) (Examples 5 and 6) 

EC is available in numerous grades. Hercules Incorporated offers three ranges of ethoxyl content EC-K 
with 46.1 to 47.2%, EC-N with 48.0 to 49.5%, and EC-T with greater than 49.6%. Within each grade there 
are a vanety of molecular weights which are classified by viscosity. An EC N10 grade has a viscosity of 10 
cps in a 5% solution in 80:20 toluleneiethanol. 

Not all grades perform equally. High viscosities (molecular weights) and high levels of ethoxyl 
substitution (EC is formed by reacting hydroxyl groups on cellulose) tend to lead to immiscibilrty with the 
basic compositions that have been studied. Table 6 briefly summarizes the data. Of those grades that are 
miscible the higher the viscosity the greater the increase of tent strength and film viscosity. However 
dev loping tim s also increase. 
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Table 6 
Miscibi li ty 

% Ethyl 

Cellulose Grade of EC % Plasticizer Plasticizer Miscibility* 



8 


N4 






C 


8 


T10 






C 


8 


T50 






I 


8 


N50 






C 


8 


T200 






I 


8 


K12 






c 


8 


N29 






c 


8 


N16 


7.5 


LPE 


I 


8 


T10 


7.5 


LPE 


p 


8 


N12** 


7.5 


LPE 


c 


8 


N29 


7.5 


LPE 


I 


8 


N10*** 


7.5 


LPE 


p 


8 


N8*«* 


7.5 


LPE 


p 


8 


N6 


7.5 


LPE 


c 



I = immiscible 
P = partly miscible 
C - completely miscible 

at lower end of ethoxyl range 
at higher end of ethoxyl range 

Two plasticizers are used in the illustrative Examples of the use of EC. The first one is LPE, a polyether 
polyester urethane acrylic terminated prepolymer made by Hercules Incorporated. It is part of a family of 
materials which are reaction products of i) an isocyanate terminated block copolymer of polyesterdiol blocks 
and polyalkylene glycol/ethylene oxide blocks and ii) at least one hydroxy-substrtuted acrylate or 
methacrytate. Examples and preparation of such materials are disclosed in USP 3.960,572. The seqond 
plasticizer is Jeffamine D2000 from Texaco Chemical Co. part of Texaco Inc. D2000 is an amine terminated 
propylene oxide oligomer of approximately 2000 molecular weight 



* * * 



Example 5 

This example illustrates the improvement of tenting strength of a photopolymerizable material gained by 
the addition of EC. Poorer adhesion to copper is observed because of the EC. One sample does not contain 
EC (control) whereas the other sample 6 J contains EC. The compositions of the coating solutions and dry 
films are listed in Tables 7 and 8 respectively. 

The ingredients of each composition listed in Table 7 are thoroughly mixed at room temperature for 
three hours by a mechanical stirrer. The stirrer is turning at approximately 1000 rpm. These mixtures are 
then coated with a doctor blade onto a polyester support film. The films are dried by solvent evaporation in 
air at room temperature over 1 6 hours. For experimental purposes, both dry film thicknesses are about 38 
micrometers. 



55 
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w 



Table 7 
Composition of So lutions 



Component 



Composition 
( Parts ) 
Sample 6H Control 



75 



20 



Triethylene glycol dimeth- 










acrylate (TDMA) 


6 


.15 


6 


.15 


Trimethylol propane triacrylate 










(TMPTA) 


6 


.15 


6 


.15 


Benzophenone (Benzo) 


3 


.20 


3 


.20 


Michlers Ketone (Mich) 




.15 




.15 


Pentabromochlorocyclohexane ( PBCH) 




.80 




.80 


Butylated hydroxy toluene (BHT) 




.01 




.01 


Acrylic binder (AB) 


35 


.7 


41 


.5 


Ethylcellulose - N29 (EC-N29) 


5 


.80 






Methyl ethyl ketone (MEK) 


60 


.0 


SO 


.0-. 



30 



35 



Table 8 



. Composition of Dry Films 



45 



50 



55 



Component 

TDMA 

TMPTA 

Benzo 

Mich 

PBCH 

BHT 

AB 

EC-N29 



Composition 
(Parts) 



Sample 6H' 



Control 



10 
10 

- 5 



61 
10 



6 
6 

52 

26 

38 

02 

6 

0 



10, 
10 

5 . 

1. 
71 



6 
6 

52 
26 
38 
02 
6 



Samples for tent strength measurements are prepared by laminating film to both sides of copper clad 
panels with copper on the surfaces of each side. The panels contain .25 inch (.625 centimeter) though holes 
which the film spans ('tents'). The copper is scrubbed prior to lamination. Before testing the films are 
exposed to a medium pressure Hg lamp and developed in a .75% sodium carbonate-mono hydrate solution 
maintained at 29°C. The exposure induces photopolymerization. The samples are polymerized by exposure 
such that each is equivalent on a Stouffer Scale following developing. 

The actual tent strength is measured by pushing a round probe through the center of a hole that is 
spanned by the films. The load needed to rupture the film is recorded and used as the measure of tent 
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strength. 

Table 9 

5 

Tent Strength 

w Sample Tent Rupture Strength (q) 

Sample 6H f 65 + i9 

Control 37 + ^ 7 

75 — 

The tent strengths of- Sample 6H and the control -are listed In Table 9. Addition of EC Improved the 
strength of tents. For this sample, binder.is replaced with EC = N29 such that the dry film contained 10 
percent EC. 

20 Addition of EC reduced the adhesion between resist and copper both after lamination and after 
developing. Table 10 lists the results from tape tests. The adhesion after lamination is measured by 
removing the cover sheet on a resist covered copper panel, applying a tape to the resist surface, and 
removing the tape. If the resist lifts with the tape, then the resist fails the test If no resist comes off the 
copper with the tape, the resist passes the test The samples containing EC felled the test 

Table 10 

so Example 5 - Adhesion 



Adhesion After Adhesion After 

as Sample Lamination Developing 

Control pass pass 

Sample 6J* fail f a n 

40 

tfxample 6 

This example illustrates the advantage gained by the addition of both EC and LPE to a photoresist 
45 formulation. Both EC and LPE are added in place of binder. Table 11 lists the control and modified 
formulations. Samples for tenting strength, adhesion and viscosity measurements are prepared by the 
procedure described in Example 5. Tables 12 and 13 list the results. 

Adding LPE by itself in place of binder lowers the viscosity. However, when combined with the addition 
of EC. the viscosity is greater than the control. The tent strength is greatly improved. Both the control and 
so the formulation with EC and plasticizer passed the adhesion test after lamination. The sample with EC still 
feiied the tape test after developing. If one refers to Example 5. it is apparent that the plasticizer corrected 
the loss of adhesion after lamination that is associated with the addition of EC. 



55 
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Table 11 



Composition - Example 6 (Dry Film) 



Component 

TDMA 

TMPTA 

Benzo 

Mich 

PBCH 

BHT 

AB 

EC-K12 
LPE 



Cont ro 1 

10.5 
10.5 
5.52 
.26 
1.38 
.02 
71.6 



Composition 
(Parts) 
Sample 81 



10 
10 
5 



5 
5 

52 
.26 
1.38 
.02 
54.1 
10.00 
7.50 



Table 12 
Properties - Example 6 



Sample 
Control 
Sample 81 ' 



Zero Shear 
Viscosity ( poise) 

1.1 x 10* 

. 1.5 x 10 fc 



Tent Rupture 
Strength (q) 

40 + 6 

173 + 30 



Table 13 



Example 6 - Adhesion 



Sample 
Control 
Sample 81 ' 



Adhesion After 
Lamina t ion 

pass 

pass 



Adhes ion After 
Developing 

pass 

fail 



Resistance to cold flow is determined by measuring the zero shear viscosity on a creep rheometer at 
60 °C and 5000 dynes/cm 2 . The higher the viscosity the greater the resistance to cold flow. Samples for this 
test, which ar d scribed after th se Examples, are made by removing the support film and layering the dry 
compositions into a 80 mil (2mm) thick specimen. 
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ETHYL HYDROXYETHYL CELLULOSE (EH EC) (Examples 7 to 9) 

The EHEC used in these Examples was manufactured by Hercules Incorporated. It is classified by 
viscosity (centipoise at 25° C of a 5% solution with the solvent being an 80:20 mixture by weight of toluene 
and ethanol respectively). Two plastictzers have been used in these Examples. They are tn-n-butylcitrate 
and LPE. 



Example 7 

This example illustrates the improvement of tenting strength and resistance to cold flow of a 
photopolymerizable material gained by the addition of EHEC. Poorer adhesion to copper is observed 
because of the EHEC. One sample does not contain EHEC (control) whereas the other samples (7 J and 
7K) contain EHEC. The compositions of the coating solutions and dry films are listed in Tables 14 and 15 
respectively. 

The ingredients of each composition listed in Table 14 are thoroughly mixed at room temperature for 
three hours by a mechanical stirrer. The stirrer is turning at approximately 1000 rpm. These mixtures are 
then coated with a doctor blade onto a polyester support film. The films are dried by solvent evaporation in 
air at room temperature over 16 hours. For experimental purposes, both dry film thicknesses were about 38 
micrometers. 



Table 14 
Compositions of Solutions 

Composition (Parts) 



Component 


7J Control 


IK, 


Triethylene glycol dimeth- 






acrylate (TDMA) 


6.15 


6.15 


6.15 


Trimethylol propane triacrylate 








(TMPTA) 


6.15 


6.15 


6.15 


Benzophenone ( Benzo ) 


3.20 


3 . 20 


3.20 


Michlers Ketone (Mich) 


.15 


.15 


.15 


Pentabromochlorocyclohexane (PBCH) 


.80 


.80 


.80 


Butylated hydroxy toluene (BHT) 


•PI 


.01 


.01 


Acrylic binder (AB) 


35.7 


41.5 


36.9 


EthylHydroxyethylcellulose-low 








( EHEC-5.) 


5.80 




4.64 


Methyl ethyl ketone (MEK) 


60.0 


60.0 


60.0 
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Table 15 



10 



15 



20 



30 



35 







ury ci ims 






■ 


Compos i t ion 




Component 




(Parts) 




Sample 7 J ' 


Control 


Sample 


TDMA 


10 . 6 


10 . 6 


10.6 


TMPTA 


10.6 


10.6 


10.6 


Benzo 


5.52 


5.52 


5. 52 


Mich 


.26 


.26 


.26 


PBCH 


1.38 


1.38 


1.38 


BHT 


.02 


.02 


.02 


AB 


61.6 


71.6 


63.6 


EHEC-1 


10.0 




8.00 



Resistance to cold flow, was determined by measuring the zero shear viscosity on a creep rheometer at 
60 °C and 5000 dynes by the method set out after these Examples. The higher the viscosity the greater th 
resistance to cold flow. Samples for this test are made by removing the support film and layering the dry 
25 compositions into an 80 mil (2 mm) thick specimen. 

Samples for tent strength measurements are prepared by laminating film to both sides of copper clad 
panels with copper on the surfaces of each side. The panels contain 2$ inch (.635 centimeter) though holes 
which the film spans (tents'). The copper is scrubbed prior to lamination. Before testing the films are 
exposed to a medium pressure Hg lamp and developed in a .75% sodium carbonate-mono hydrate solution 
maintained at 29 °C. The exposure induces photopolymerization. The samples are polymerized by exposure 
such that each is equivalent on a Stouffer ScaJe following developing. 

The actual tent strength is measured by pushing a round probe through the center of a hole that is 
spanned by the films as described after these Examples. The load needed to rupture the film is recorded 
and used as the measure of tent strength. 

The viscosities for Sample 7 J and the control are listed in Table 16. Replacement of binder by EHEC, 
such that the dry film contained 10 weight percent EHEC, raised the viscosity by a factor of 5.5. Such an 
increase significantly reduces edge fusion. 
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Table 16 
Film Viscosity 

5 

Sample Zero Shear Viscosity (poise) 

™ Sample 7J* 5.5 x 10 6 

Control 1.0 x 10* 



75 



20 



30 



35 



46 



50 



55 



Table 17 
Tent Strength 

Sample Tent Rupture Strength (grams) 

Sample 7K' 371 +98 

Control 51+7 

The tent strengths of Sample 7K' and the control are listed in Table 17. Addition of EH EC greatly 
improved the strength of tents. For this sample, binder was replaced with EHEC-low such that the dry film 
contained eight percent EHEC. 

Addition of EHEC reduced the adhesion between resist and copper both after lamination and after 
developing. Table 18 lists the results from tape test as described in these Examples. The adhesion after 
lamination was measured by removing the cover sheet on a resist cover copper panel, applying a tape to 
the resist surface, and removing the tape. If the resist lifts with the tape then the resist fails the test If no 
resist comes off the copper with the tape, the resist passes the test The samples containing EHEC failed 
the test 

Table 18 
Example 7 - Adhesion 



Adhesion After Adhesion After 

Samp le Lamination Developing 



Control pass 



pass 



Sample 7 J ' fail fail 

Example 8 

This example illustrates the advantage gained of the addition of both EHEC (low grade) and Tri-n-butyl 
citrate (TBC) to a photoresist formulation. Both EHEC and TBC were added in place of binder. Table 19 
lists the control and modified formulations. Samples for tenting strength adhesion and viscosity measure- 
ments are prepared and the results are shown in Tables 20 and 21 . 

Adding TBC by itself in place of binder lowers the viscosity. However, when combined with the addition 
of EHEC, the viscosity remained similar to the central. The tent strength is greatly improved. Both the 
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control and the formulation with EHEC and plasticizer passes the adhesion 



Table 19 

Compositions - Exampl e 8 (drv film/ 

Composition 

SSM^t afal fPafM ' Sample L' 

TDMA fi 

TMPTA l m ll 6-15 

Mich 5 'f| 5.52 

PBCH f:| -26 

BHT U " l ' 38 

AB 7i -.° 2 -02 

EHEC-1 6 57 'I 

TBC 8.00 

6.50 



Table 20 
Properties - Example a 



Sample 
Control 
Sample L 



Zero Shear 
Viscosity (poi-se) 

9.5 x 10*' 

9.4 x 10* 

Table 21 
Example ft - Adhesion 



Tent Rupture 
Strength (g;> 



44 
302 



Sample 
Control 
Sample L ' 



Adhesion After 
Lamination 

pass 

pass 



Adhesion After 
Developing 

pass 

pass 
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Example 9 

This example demonstrates the use of a different grade of EHEC. EHEC-extra low is combined with 
LPE and added in place of binder. Unlike EHEC-low. EHEC-extra low can be used with large percentages of 
s LPE. EHEC-extra low does not raise the viscosity of the dry film as much as EH EC-tow for the same added 
percentage. However, like EHEC-low it does improve tent strength. The improvement Is not as great as with 
EHEC-low. Tables 22 and 23 fist the formulations and properties. The viscosity of the dry-film actually 
decreased in this example. However, the tent strength is improved compared to the control. 



70 



75 



Table 22 



Compositions - Example 9 (dry film) 



20 



30 



Component 

TDMA 

TMPTA 

Benzo 

Mich 

PBCH 

BHT 

AB 

EHEC-xi 
LPE 



Composition 
(Parts) 



Cont rol 



6 
6 
5 



15 
15 
52 
.26 
1.38 
.02 
71.6 



Sample 8M 

6.15 
6.15 
5.52 

.26 
1.38 

.02 
57. 1 
8 .00 
7.50 



35 



Table 23 
Properties - Example 9 



40 



45 



Sample 
Control 
Sample 8M* 



Zero Shear 
Viscosity (poise) 

11.0 x 10 5 

5.0 x 10* 



Tent Rupture 
Strength (g) 

47 

175 + 60 



50 



Claims 



1. A-photopolymerizable composition comprising a carboxyl group-containing, film forming polymeric 
. binder , a free radical ohotoinitiatqr . addition photopolymerizable monomers , a thermal polymerizatio n 
inhibit or, and from, about 2 to about 20 weight percent of a cellulosi c materia l: 
^ 2. The composition of claim 1 wherein the cellulosic material is hydroxypropyl cellulose of a molecule 
weight of from about 60 to 1000 kilodaltons. 
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3. The composition of daim 1 wherein the celiuiosic material is ethylhyrfroxy ethyl cellulose having a five 
percent by weight solution viscosity in 80 percent toluene and 20 percent ethanol of from about 10 to about 
50 centipoise. 

4. The composition of claim 1 wherein the celiuiosic material is ethylcellulose having a five percent by 
weight solution viscosity in 80 percent toluene and 20 percent ethanol of from about 10 to about 50 
centipoise. 

5. The composition of any one of claims 1 to 4, which further contains a plasticizer. 

6. The composition of claim 5 wherein the plasticizer is selectBd from the group consisting of 
phthalates. citrates, phosphates, sebacates, adi pates, or a reaction product of (i) an isocyanate terminated 
block copolymer of polyesterdiol blocks and polyalkylene glycol and ethylene oxide blocks and (H) at least 
one hydroxy substituted acrylate or methacrylate. 

7. The composition of any one of claims 1 to 6, further comprising a monofunctional carboxyl group- 
containing photopolymerizable monomer. 

8. The composition of claim 7 wherein the monofunctional carboxyl group-containing photopolymeriza- 
ble monomer is itaconic acid. 

9. A photopolymerizable element comprising a photopolymerizable composition sandwiched between a 
support member and a cover member, wherein the photopolymerizable composition is the photopolymeriza- 
ble composition of any one of claims 1 to 8. 

10. A process comprising the steps of coating a photopolymerizable composition comprising a carboxyl 
group-containing, film forming polymeric binder, a free radical photoinrtiator, addition photopolymerizable 
monomers, and a thermal polymerization inhibitor onto a copper clad substrate, exposing the composition 
imagewise to sufficient actinic radiation to polymerize the composition in the exposed areas, and removing 
the unpolymerized composition from the substrate, wherein the photopolymerizable composition further 
comprises from about 2 to about 20 weight percent of a celiuiosic material. 

11. The composition of any one of claims 1 to 8 which has been cured and which has a tent rupture 
strength of greater than about 50 grams. 
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